Purpose of review We will describe recently discovered smart aptamers with tumor specificity, with an emphasis on targeted delivery of novel therapeutic molecules, cancer-specific biomarkers, and immunotherapy.
INTRODUCTION
Aptamers, structured nucleic acid ligands, are selected to recognize a wide variety of targets from proteins, cultured cells, and ex-vivo organ cultures [1] [2] [3] [4] [5] [6] and have great advantages for therapeutics; high specificity and affinity to targets, structural stability, lower toxicity, and lower immunogenicity [7] . Therapeutic aptamer discovery has traditionally focused on occupancy of a binding site that directly affects target protein function. Hence, selection of an appropriate target determines the biological function of a therapeutic aptamer and their outcomes in the clinic. In recent decades, aptamers have been isolated against cell surface markers for targeted delivery of cargos. This class of therapeutic aptamers has shown great success for targeted therapeutics [8 && ], active targeting agents [8 && ], and theranostics [9] . The recent expiration of patents for the aptamer selection process known as 'Systematic Evolution of Ligands by EXponential enrichment (SELEX)' [10] is expected to promote the development of aptamers for human therapeutics. In this review, promising new discoveries of cancerspecific therapeutic aptamers will be discussed in terms of functionalizing aptamers to cancer-specific antigens for targeted delivery with novel therapeutic molecules, novel biomarker discovery, and nonimmunogenic immunomodulatory aptamers for cancer therapy. This well-designed approach allows delivery of therapeutics to cancer cells specifically without harming nontumoral cells.
Cancer-specific targeted delivery of small activating RNAs
Upregulating target gene expression by promotertargeted small activating RNA (saRNA) is a recently developed new concept in nucleic acid therapeutics. Likewise, functionalizing aptamers for targeted delivery of saRNA has emerged as a new field in cancer therapeutics. Pancreatic cancer, one of the most aggressive types of cancers, has a 5-year survival rate of only 5% [11] . In contrast to other cancer types, the mortality rate for pancreatic ductal adenocarcinoma (PDAC) is increasing, and it has been predicted that PDAC will become the second leading cause of cancer-related mortality by 2020 [12] . However, currently, there is no effective treatment in pancreatic cancer. In previous studies in liver cancer, saRNA targeting CCAAT/enhancerbinding protein-a (C/EBPa) in vivo induced a potent antitumor effect through positive regulation of C/EBPa and its downstream targets, including cyclin-dependent kinase inhibitor 1 (p21) [13] . Loss of the histone demethylase KDB6B enhances the aggressiveness of pancreatic cancer via downregulation of C/EBPa [14] . Thus, C/EBPa-saRNA shows potential for therapeutic targeting in pancreatic cancer. For targeted delivery of C/EBPa-saRNA, pancreatic cancer-specific RNA aptamers have been isolated against naive pancreatic cancer using cell SELEX and conjugated with C/EBPa-saRNA via sticky-bridge
KEY POINTS
Identification of cancer-specific aptamers and their functionalization with novel therapeutic payloads greatly improves targeted therapeutic intervention.
Untargeted in-vitro-SELEX or in-vivo-SELEX, or blind-SELEX, provides enormous opportunities for novel biomarker discovery and application in cancer diagnostics.
Synthetic and nonimmunogenic alternative immunomodulatory aptamers induce synergetic effects when combined with current immune-checkpoint blockade regimens for combinational immunotherapy that reduces the resistance and exhaustion of T cells.
Computational remodeling and molecular docking opens the possibility of in silico-based design of aptamers, but is limited to the known structure of target proteins. Cancer specific anƟgen Aptamer FIGURE 1. Functionalizing aptamers for targeted delivery of therapeutic modalities. Selected RNA aptamers against the cancer cell surface are functionalized as delivery cargos. Aptamers conjugated with therapeutic payloads including small activating RNAs (saRNAs), cytotoxic molecules, antibodies, or peptides allow targeted delivery of therapeutic molecules to cancer cells, which improves the therapeutic intervention. Aptamers against cancer-specific antigens also confer cancer specificity and inhibit the function of the target for antitumor effects.
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sequences [15] . Aptamer-mediated C/EBPa-saRNA has shown increased target gene and protein expression, and a strong antitumor effect in in-vivo studies, without toxicity [15] .
Although prostate cancer has a high overall survival rate, metastasis remains the major cause of mortality: 10-year survival is 79%, but drops to only 12% for patients with lymph node metastasis. In previous studies, dihydropyrimidinase-related protein 3 (DPYSL3), also called collapsing response mediator protein 4, is identified as a tumor metastasis suppressor in prostate cancer [16] . Thus, to suppress prostate cancer cell invasion and metastasis, saRNA targeting the DPYSL3 promotor region has been developed to upregulate target gene expression at the transcriptional level; it is conjugated with prostate-specific membrane antigen aptamers for targeted delivery [17] . The aptamer-conjugated DPYSL3-saRNA induces target gene expression without any transfection agents and completely suppresses distal metastasis in orthotopic xenografted nude mice with no side-effects.
Together, these two studies indicate that the conjugation of a newly identified cancer-specific aptamer with saRNA will be a potent future cancer therapeutic that reduces side-effects on nontargeted cells.
Cancer-specific targeted delivery of antimitotic drugs
Cytotoxic drugs targeting microtubules have been developed as potent antitumor therapeutics. Although tubulin-targeting drugs are clinically efficacious, because of their high toxicity, lack of specificity, and poor biostability, they have limited use in patients. To improve the target specificity of cytotoxic antimitotic drugs, aptamers against the glycoprotein mucin 1 cell surface associated (MUC1) have been conjugated with liposomes containing the tubulin-targeted dodecapeptide (TTP) nanoassembly, which encapsulate the antimitotic drug docetaxel (a microtubule stabilizing taxane) [18] . Targeted delivery of this combination (TTP and docetaxel) by MUC1 aptamer shows selective cytotoxicity in breast cancer cells (MCF7), with significantly reduced effects in normal breast epithelial cells (MCF 10A) and non-MUC1 expressing liver carcinoma cells (HepG2).
The highly potent antimitotic drugs, monomethyl auristatin E (MMAE) and maytansinoid (DM1), have both been investigated in several preclinical studies [19, 20] . However, because of their high toxicity, neither MMAE nor DM1 can be used as cytotoxic drugs in their own right in clinic. As a targeted delivery of both MMAE and DM1, truncated pancreatic cancer-targeted aptamers have been chemically conjugated to MMAE and DM1 to construct aptamer-drug conjugates [21] . Aptamer-MMAE and Aptame-DM1 show significant pancreatic cancer cell-specific cytotoxicity, but nontoxic effects in nontargeted breast cancer cells (MCF7) or normal skin fibroblast cells (BJ).
Together, these two studies clearly demonstrate that functionalized aptamers are effective for delivering cargos of antimitotic drugs without affecting normal cells.
Cancer-specific targeted delivery of macromolecules and peptides Insufficient penetration of therapeutic macromolecules into tumor tissues induces inadequate therapeutic efficacy. For instance, although antibodies have been commonly used for targeted delivery in recent years, they are approximately 150 kDa macromolecules, which limits tumor tissue penetration. In contrast, aptamers show superior performance for both tumor penetration and homogenous biodistribution compared to antibodies [22] . An aptamerantibody complex (oligobody and oligomer þ antibody) is constructed as a novel delivery platform to overcome these limitations [23] . An oligobody is a chimeric construct of RNA (e.g., anti-vascular endothelial growth factor aptamer) with protein (e.g., anticotinine antibody). In in-vivo assays, it retains the original biological function and binding affinity of aptamers, but shows improved pharmacokinetics, increased tumor penetration, and effective inhibition of lung cancer growth [23] .
T regulatory cells (Tregs) are major culprits for induction of tumor immunosuppression. Foxp3, an intracellular transcription factor, is a specific marker for Tregs and its disruption entails the loss of Treg immunosuppressive function. A 15-mer synthetic peptide (P60) inhibiting forkhead/winged helix transcription factor 3 (FOXP3) has been developed by phase displayed peptide screen [24] . However, the anti-FOXP3 peptides penetrate into cells in nonspecific ways and require a large dose for therapeutic efficacy, which hampers clinical feasibility. To reduce the activity of Tregs and improve the therapeutic index for T cells specifically, a cluster of differentiation 26 (CD26) aptamer (CD26Apt) is chemically conjugated with the anti-Foxp3 P60 peptide via an oligo sequence linker to make chimeric aptamer-peptide (CD26Apt-P60) [25 & ]. The CD26Apt-P60 binds to CD26-expressing cells and reduces the immunosuppressive activity of Tregs. Notably, the chimeric aptamer-peptide conjugate (CD26Apt-P60) shows a remarkable improvement in vaccine efficacy at low concentration with ovalbumin and poly I:C and improves antitumor immunity in an in-vivo model of colon carcinoma cells (CT26) [25 & ]. Together, these two studies prove that aptamers are efficient carriers of macromolecules into tissues and efficient for delivery of cargos, even to immune cells.
Targeting cancer-specific antigens or mutations
Targeting tumor-specific antigens improves therapeutic intervention. The shared tumor-specific antigens, often called cancer/testis antigens (CTAs), are important targets for cancer therapy [26] . The National Cancer Institute pilot project has prioritized the identification of such CTAs to develop a well-vetted and priority-ranked list of cancer vaccine and translational research targets [27] . Among 75 cancer targets, the epidermal growth factor receptor variant III (EGFRvIII) and the melanoma-associated antigen A3 (MAGE-A3) are ranked in the top 10. These cancer-specific antigens are thus ideal target for therapeutic aptamer development, as the aptamers show great specificity against the targets, and can discriminate against even single amino acid mutations [28] .
Treatment of glioblastoma multiforme (GBM) has seen little improvement in the last 20 years despite targeted therapy and progress in surgery, radiation delivery, and chemotherapy. Therefore, new therapeutic approaches are needed for this highly lethal cancer. Elevated EGFR expression is a hallmark for enhanced tumorigenicity of GBM. An aptamer binding a mutant form of EGFRvIII has been isolated and its function inhibits the formation of phosphorylated disulfide-bonded EGFRvIII complexes in GBM [29] . It also reduces the phosphorylation of downstream effectors, including signal transducer and activator of transcription and extracellular signal-regulated kinase. The biological function of EGFRvIII aptamer reduces GBM cell motility and growth [29] .
MAGE-A3 is one of the most frequently and highly expressed CTAs in tumors, including in 74% of metastatic melanomas, 57% of esophageal carcinomas, 39% of nonsmall cell lung cancers, and 38% of gastric carcinomas [30] . As the expression of MAGE-A3 has been associated with malignancy and poor prognosis, it is considered a significant target for therapeutic development. For the potential use in therapeutics, a DNA aptamer is isolated against a MAGE-A3 111 -125 peptide using peptide-SELEX. The isolated MAGE-A3 aptamer shows cancer-specific binding to various cancer cells such as MCF-7 (breast cancer), SK-MEL-28 (melanoma), Cal-27 (oral cancer), DLD-1 (colorectal cancer), HepG2 (liver cancer), A-549 (lung cancer), and AsPC-1 (pancreatic cancer), but does not bind in nontumoral cells [30] . Although the authors do not perform any functional assays of MAGE-A3 aptamer activity, it has great potential for as a targeting agent to deliver therapeutics.
Together, these two studies indicate that aptamers distinguish the caner-specific isoforms from normal proteins.
ANTIMETASTATIC APTAMERS TARGETING THE CYTOSKELETON
The major cause of cancer mortality can be attributed to metastasis, rather than the primary tumors from which these malignant lesions arise. Cancer metastasis involves the dissemination of cancer cells to anatomically distant organ sites and their subsequent adaptation to tissue microenvironments. To promote metastatic signaling, cancer cells use cytoskeleton remodeling. Thus, aptamers targeting the cytoskeleton have great potential as antimetastatic drugs.
Integrins are ab heterodimeric cell surface receptors that mediate stable adhesion of cancer cells in the microenvironment [31] . Among 18 a-subunits and 8 b-subunits, the laminin-binding a6b4 integrin is associated with poor prognosis [32] and the premetastatic niche [33] . To block laminin binding to the a6b4 integrin, DNA aptamer is isolated via combined protein-SELEX and cell-SELEX [34] . The a6b4 integrin aptamers show prostate cancer specificity and inhibit the interaction of a6b4 integrin and laminin-332. Unfortunately, no further in-vitro or in-vivo functional assay of prostate cancer migration has been performed. Truncated antiintegrin aptamers lose the functionality to block integrinlaminin binding in the study.
Truncation of aptamers is required to enable efficient and large-scale chemical synthesis for subsequent evaluation using in-vivo assays or for clinical trials. However, their functionality and binding affinity are often compromised during the process of truncation. To avoid these unwanted effects, careful truncation is necessary.
NOVEL BIOMARKER DISCOVERY
The genomic revolution has allowed novel protein targets to be linked to diseases [35] . Identification of novel biomarkers associated with cancer is fundamental to improving therapeutic intervention and diagnostic specificity. In the majority of biomarker discovery platforms, mass spectrometry is used as the analytical method to identify target proteins.
However, as biomarkers frequently show very low abundance, capturing biomarkers with antibodies has limitations, because of interference with the detection of the biomarker peptide sequence, particularly after digestion of the antigen/antibody complex. As with nonprotein-based reagents, an aptamer-facilitated biomarker discovery (AptaBiD) platform [36] is highly desired for detecting biomarkers differentially expressed on the cell surface. Figure 2 shows a flow chart of the aptamer biomarker discovery platform in vitro and in vivo.
Biomarker discovery in vitro
Pancreatic cancer is a leading high mortality cancer, and ranks as the fourth cause of cancer-related death in both Europe and the United States [37, 38] . The survival rate remains poor, as most patients present with metastatic disease at first diagnosis [39] , and there is currently no effective way to inhibit metastasis. The liver is known as the most common site of metastasis [40, 41] . To identify novel pancreatic cancer-specific biomarkers, untargeted SELEX ('blind-SELEX') has been performed against pancreatic cancer cells (PANC-1), with liver cancer cells (Huh7) used for counter-SELEX to remove nonspecific binding [42] . After 14 rounds of SELEX, a pancreatic cancer-specific RNA aptamer is selected. To identify the aptamer-bound plasma membrane protein, liquid chromatography tandem mass spectrometry (LC-MS/MS) is used. The proteomic mass spectrometry approach identifies the target of the aptamer as the intermediate filament vimentin, a biomarker for epithelial mesenchymal transition (EMT). The binding of aptamer to vimentin is validated by flow cytometry and biosensor assays. Aptamer binding to the vimentin shows internalization into pancreatic cancer cells. As EMT plays a pivotal role to transform cancer cells into invasive cells, tumor cell metastasis assays is performed and shows that antivimentin aptamer-treated pancreatic cancer cells inhibit significantly pancreatic tumor metastasis in vitro [42] . Thus, the antivimentin aptamer has potential as an antimetastatic therapy in pancreatic cancer.
Nasopharyngeal carcinoma (NPC) is a squamous cell carcinoma that occurs in the epithelial lining of the nasopharynx. Because of the lack of early detection, most NPC patients are diagnosed at an advanced stage, resulting in poor prognosis and a low survival rate. As dysregulation and abnormal expression of membrane proteins usually takes place in cancer cells, membrane proteins provide potential disease biomarkers for diagnosis, therapy, and prognosis. To discover potential biomarkers for NPC, untargeted naive cell-SELEX is employed, and the aptamer-binding ligands is retrieved by pull-down assay and identified by LC-MS/MS. The NPC aptamers bind the cell surface biomarker cluster of differentiation 109(CD109) [43] . The CD109 aptamers show specificity for CD109 on the cell surface of NPC cell lines and clinical NPC tissue specimens, but not for normal nasopharyngeal cell line and clinic normal nasopharyngeal tissues that expressed little to no CD109. For the advanced application of biomarker discovery using aptamers, previously isolated DNA aptamers have been used in immunohistochemistry assays (aptahistochemistry) in postoperative human lung adenocarcinoma tissues [44] . The relatively new concept of aptahistochemisty uses cancer-specific aptamers instead of antibodies. In this study, the histological structure of lung adenocarcinoma is characterized in human specimens using three aptamers labeled with fluorescence. The fluorescently labeled aptamers show an overlapping pattern with antibodies to lamins, tubulin, and actin, respectively, by histopathological screen, confirming their targets. Importantly, cancer and normal cells could be easily distinguished by aptamers. Interestingly, throughout this study, the authors confirm that antiactin aptamers could distinguish a specific posttranslational modification (PTM): methylation of histidine at position 73. This clearly demonstrates that aptamers are effective molecular probes for disease imaging, biomarker identification, and discrimination of PTMs.
These studies suggest that AptaBiD is a promising tool for discovering new attractive targets for cancer therapeutics and diagnostics.
Biomarker discovery in vivo
Typically, the SELEX process is performed against purified proteins or overexpressed stable cell lines. However, aptamers selected by in-vitro SELEX fail to bind to the targets and are not efficient in vivo. One possible explanation for this difference is that the conformation of target proteins might vary between in-vitro and in-vivo conditions. To circumvent this obstacle, in-vivo SELEX has been developed as a more clinically relevant strategy. In one example of in-vivo SELEX, intrahepatic xenografts are established in immunodeficient mice using colorectal cancer cells isolated from human patients [45] . To remove the nonspecific distribution of aptamers, the aptamer library is systemically injected via tail vein and the SELEX is repeated for 12 rounds. The binding ligand of the selected aptamer, ATP-dependent RNA helicase A (DHX9), is identified using affinity pull-down assay in the in-vivo SELEX. DHX9 is predominantly a nuclear protein and shuttles to the cytoplasm to carry out some of its functions in translational regulation and miRNA processing [46] . Its functions include regulation of DNA replication, transcription, translation, micro-RNA biogenesis, RNA processing and transport, and maintenance of genomic stability [46] . As the inhibition of DHX9 expression is lethal to human cancer cell lines [47] , a DHX9 aptamer will be promising therapeutic molecule for colorectal cancer.
This study provides additional evidence that aptamers can capture translocated intracellular proteins on the cancer membrane.
COMBINATIONAL IMMUNOTHERAPEUTIC APTAMERS
Anti-cluster of differentiation aptamers have been isolated to treat cancers and for use as immune therapies. These anti-cluster of differentiation aptamers demonstrate the unique feature of acting simultaneously as an agonist and antagonist for cluster of differentiation receptors, depending on the degree of aptamer oligomerization [48] . Recently, disruption of the programmed cell death protein 1 (PD-1) with immune checkpoint antibodies has emerged as an immunotherapeutic breakthrough in multiple cancers. However, blocking PD-1 with antibodies shows severe immune cytotoxicity and leads to the resistance and exhaustion of T cells in clinical trials. Thus, synthetic and nonimmunogenic immunotherapeutic molecules, including aptamers against PD-1 [49] and the programmed cell death protein 1 ligand (PD-L1) [50] , have been developed and show the inhibition of tumor growth in vivo. In addition, for use in combinational immunotherapeutics, alternative immune-checkpoint blockade aptamers, T-cell immunoglobulin and mucin-domain containing-3 (TIM-3) [51] and complement component 5a (C5a) [52 && ] have been isolated and their efficacy has been determined in vivo. The immune-checkpoint blockade aptamers have been summarized in Table 1 [49-51,52 && ].
Alternative immune-checkpoint blockade aptamers for combinational immunotherapeutics
Immune therapies against the immune checkpoint molecules cytotoxic T-lymphocyte-associated protein 4 and PD-1 have achieved good responses in
Emerging cancer-specific therapeutic aptamers Yoon and Rossi some type of cancers: melanoma, renal cancer, and lung cancer [53] . However, a large number of cancer patients are not benefiting from these therapies. It is now widely accepted that tumors have costimulatory immune checkpoint pathways for the immune suppression. It has catalyzed interest in developing novel immune checkpoint blockades for combinational immunotherapeutics. TIM-3 is expressed on interferon-g producing CD4 þ T helper 1 (Th1) and CD8 þ T cytotoxic 1 (Tc1) cells [54] . As TIM-3 functions specifically to limit the duration and magnitude of Th1 and Tc1 T-cell responses, in this regard, the immune checkpoint receptor TIM-3 exhibits an intriguing candidate for the next generation of immune checkpoints in cancer. In preclinical studies, the blockade of the PD-1:PDL-1 axis together with TIM-3 exhibits synergistic antitumor effects in colon carcinoma [53] . To aim the evaluation of combinational immunotherapeutic aptamers of TIM-3 with immune checkpoint antibodies, antagonistic TIM-3 aptamers have been selected [51] . The anti-TIM-3 aptamers revert T-cell exhaustion in vitro and significantly reduce colon carcinoma burden in combination with PD-L1 antibody blockade [51] .
Anaphylatoxin complement C5a, a protein fragment released from cleavage of complement component C5, contributes to lung cancer progression by promoting an immunosuppressive microenvironment. To reverse the tumor immunosuppressive microenvironment, a C5a aptamer has been selected [52 && ]. For plasma-stability, the anti-C5a aptamer is synthesized with Spiegelmer L-aptamer, an artificial oligonucleotide that is a mirror image of natural oligonucleotides (RNA-like molecules built from L-ribose units). The anti-C5a aptamers show the increased survival rate and substantial improvement of anti-PD-1 blockades against lung cancer growth and metastasis. This synergistic effect is accompanied by a negative regulation of immune suppressive activity of myeloid-derived suppressor cells and increased mRNA expression of interleukin-2.
These studies prove that aptamers have great potential in immune therapy and have synergistic effects with current immune checkpoint antibodies.
IN-SILICO APPROACH TO DESIGNING APTAMERS
The SELEX [10, 55] is conceptually simple and practical. However, it requires tedious work, through multiple steps of amplification, and 9-14 rounds of enrichment for selection of aptamer clones. To reduce the uncertainty and risk of SELEX, designing aptamer-based computational structure analysis of targets has recently been initiated.
Improving aptamer selection: in-silico design of aptamers
The conceptually simple SELEX procedure [10, 55] is based on enrichment of unidentified nucleic acid ligands. Because of the inherent uncertainty of the SELEX method, the initial randomized library required to achieve an even distribution of aptamers against a specific target remains unknown. To reduce the tremendous risk and improve the chance of successful selection outcomes, mathematical modeling and computational algorithms have been developed to analyze the combined impact of important evolutional success factors including competition, randomness, and target concentration, with a systemic analysis of the role the initial library plays in affinity distribution [56 & ]. On the basis of stochastic models, the initial library K D distribution has been identified as having a huge impact on selection efficacy and playing a significant role in experimental parameters [56 & ]. Therefore, a well-randomized aptamer library pool determines the success of smart aptamer selection.
The classical SELEX method cannot avoid repetitive selection for enrichment. To facilitate the process of aptamer selection using a non-SELEX method, an in-silico approach has been developed for targeted aptamer selection [57] . An estrogen receptor a aptamer developed using an in-silico method combining in-vivo structural chemistry and interaction with computational remodeling and molecular docking showed the high target specificity [58] . As the non-SELEX in-silico method is more cost-effective and requires less effort, it is likely to be applicable for selection of other nuclear receptor aptamers. Furthermore, the in-silicoselected estrogen receptor a aptamer will be used as a therapeutic molecule in estrogen receptorpositive malignant cancers. In-silico-based aptamer design has potential for some targets, but requires that target protein structures be identified in advance.
CONCLUSION
Cancer-specific aptamers that can be exploited for therapeutic modalities are attracting considerable attention in the aptamer field, owing to the advantage of high target specificity. These advantages include the potential to reduce systemic exposure, and the ability to reduce undesirable off-target effects. Furthermore, aptamer biomarker discovery platform technologies continue to evolve and are certain to facilitate discovery of novel biomarkers for therapeutics and diagnostics. The remaining underdeveloped area in the field is identification of the aptamer target-binding motif. Identifying the binding motif is crucial to determining the binding affinity and the biological function of aptamers. For instance, there are two known thrombin aptamers. A 15-base thrombin aptamer (G15D) binds the fibrinogen-recognition exosite with a K D of 100 nM, and shows competitive enzymatic inhibitory function; in contrast, a 29-base thrombin aptamer (DNA 60-18) binds the heparin-binding exosite with a K D of 0.5 nM, and shows noncompetitive inhibition of clot formation [59] . Thus, there is a clear advantage to identifying ligands that bind to specific sites or epitopes on a target, in order to define the working mechanism of aptamers. In addition, identification of the binding motif helps to design improved variants of aptamers in silico. As aptamers are nucleotide-based molecules, challenges to improve nuclease resistance and to increase binding affinity remain. The use of a phosphorodithioate (PS2) substitution on a single nucleotide as an alternative method to increase both of these properties shows dramatic improvement of binding affinity (1000-fold) and serum stability [60] .
It is very clear that aptamers are great therapeutic modalities to reach their targets. Therefore, to take full advantage of the compelling features of aptamers, the smart selection of a specific target of interest is a critically important component of therapeutic aptamer development. The selection of aptamers against predefined sophisticated epitopes on targets, tumor-specific neoantigens, and incorporation with newly developed chemically modified nucleotides [61 & ] promote therapeutic aptamers from bench to bedside for cancer treatment.
